Purpose The association between obesity and reproductive outcome is controversial. The aim of this study is to evaluate the effects of obesity on clinical pregnancy rates following transfer of a single fresh embryo. Methods A retrospective cohort study was conducted at a single tertiary medical center, including all first, fresh, single-embryo transfers using non-donor oocytes, during 2008-2013. We compared clinical pregnancy rate and pregnancy outcomes of singleton live births resulting from the transfer of a single fresh embryo in normal weight, overweight, and obese women, defined as body mass index (BMI) < 25 kg/m Conclusions Our study demonstrated that obesity has no detrimental effect on the clinical pregnancy rate resulting from the transfer of a single fresh embryo.
Introduction
Obesity is a universal health problem. In some countries, over 50% of reproductive aged women are either overweight (body mass index (BMI) 25-29.9 kg/m 2 ) or obese (BMI ≥ 30 kg/m 2 ) [1] [2] [3] . Compared to normal weight women (BMI 18.5-24.9 kg/m 2 ), obese women have a threefold risk for infertility [4, 5] . In addition, obesity is associated with increased risk for poor obstetrical outcome, including miscarriage, preeclampsia, gestational diabetes, induction of labor, operative delivery, fetal macrosomia, and congenital anomalies [6] [7] [8] .
The effect of BMI on the outcome of in vitro fertilization (IVF) remains unclear. Although some authors have reported no negative effects of obesity on IVF outcome [9, 10] , others have directly linked overweight and obesity to an adverse outcome. This includes the need for increased dose of gonadotropins, reduced number of oocytes collected, a high cancelation rate, and reduced pregnancy and live birth rates [11, 12] .
Most studies that evaluated the impact of BMI on IVF outcome included transfer of multiple embryos at various stages of development, including more than 1 cycle per woman, and did not adjust for potential confounders [13, 14] . Recently, the trend towards SET has been increasing in order to minimize the risk for multiple gestations. While some studies showed a significantly lower live birth rate with a single cycle of SET versus a single cycle of double embryo transfer [15] , others did not find any differences in the pregnancy rate [14] .
The aim of our study was to evaluate the impact of obesity on clinical pregnancy rate following single-embryo transfers (SET) in fresh IVF cycles in young women.
Materials and methods
We conducted a retrospective study at the reproductive unit of the McGill University Health Center in Montreal, Quebec, Canada, evaluating SETs performed between December 2008 and December 2013. All first, fresh, SETs using nondonor oocytes in women ≤ 40 years old were included in the study. A woman was only included once. The study was approved by the institutional research and ethics board (Study 12-283-SDR).
We retrieved the data from our continuously updated computerized database, cross-checked with the patient's medical file. A detailed telephone survey was conducted by trained personnel to obtain missing information. The change in the Quebec policy for public funding of assisted reproductive technology in August 2010 expedited SETs, where SET is the rule apart for exceptional cases. We compared cycle outcome and singleton live birth outcomes of SET in non-obese and obese women. The BMI was measured for each woman prior to hormonal stimulation and calculated as weight in kilograms divided by the square of height in meters (kg/m 2 ). The primary outcome was clinical pregnancy rate, defined as intrauterine gestational sac with embryonic pole with fetal heartbeat on transvaginal ultrasound. The secondary outcomes included live birth rates and neonatal and maternal outcomes in cases with live birth. Neonatal outcome included birth weight, small for gestational age (SGA), and large for gestational age (LGA), defined as birth weight < 10th percentile and > 90th percentile for gestational age, respectively, according to the Canadian live born infant birth weight curves [16] Other variables collected were maternal and paternal age, gravidity and parity, and type of protocol used (microdose flare, fixed antagonist, a mid-luteal long agonist protocol, or a natural-cycle IVF with no gonadotropin stimulation). Etiology of infertility was divided into six major categories: unexplained infertility, tubal factor infertility, endometriosis (laparoscopy or ultrasound findings of ovarian endometrioma were required for diagnosis), male infertility, polycystic ovarian syndrome, or poor ovarian response or reserve [17] .
Embryo transfer day was determined based on the quantity and quality of embryos. All embryos were cultured in cleavage medium (Cook Medical, Sydney, Australia) until day 3, then transferred to blastocyst medium (Cook Medical, Sydney, Australia) for further culture to the blastocyst stage, when appropriate. All embryo cultures were performed under low-oxygen conditions (5% oxygen, 6% carbon dioxide, 89% nitrogen). Cleavage embryos were graded as good quality if they had four cells on day 2 or seven to eight cells on day 3, < 20% fragmentation, and exhibited no apparent morphological abnormalities [18] . Cleavage embryos were graded as good quality if they had four cells on day 2 or seven to eight cells on day 3, < 20% fragmentation, and exhibited no apparent morphological abnormalities [18] . Blastocysts were graded according to the level of expansion, the presence and the quality of inner cell mass, and quality of trophectoderm. Top quality blastocysts were defined as ≥ 3 blastocysts with inner cell mass loosely grouped with several cells and few trophectoderm cells forming a loose epithelium based on the Gardner and Schoolcraft scoring system [19] . The patients' age and the number and quality of cleavage embryos determined the allocation to blastocyst versus cleavage transfer. Ultrasound-guided embryo transfer was performed, and a serum beta human chorionic gonadotropin pregnancy (betahCG) test was performed 16 days after collection.
Statistical analysis was performed using SPSS version 21. Patient characteristics and clinical outcomes were tabulated into three BMI categories: normal weight, overweight, and obese women, defined as body mass index (BMI) < 25 kg/ m 2 , ≥ 25 BMI < 30 kg/m 2 , and BMI ≥ 30 kg/m 2 , respectively. Univariate analysis included chi-squared test for categorical variables and analysis of variants for continuous variables. To evaluate the effect of obesity on the clinical pregnancy rate, a multivariate logistic regression analysis was performed controlling for BMI and other confounders known to affect pregnancy rates (maternal age, smoking, cause of infertility, number of retrieved oocytes, and day of embryo transfer).
Results
The study included a total of 1345 first fresh IVF-SET cycles using non-donor oocytes. Of those, 864 patients were of normal weight, 292 overweight, and 189 were obese women resulting in 538 clinical pregnancies and 354 singleton births. We excluded seven women with monozygotic twins. In addition, 94 patients whose pregnancy outcome could not be traced beyond the first trimester were considered ongoing pregnancies, and as a result, we could not calculate live birth rate per transfer.
Demographics and treatment characteristics of the three study groups are presented in Table 1 . Polycystic ovary syndrome (PCOS) was more common in obese women than in overweight and normal weight women (16.3 vs. 6.5 and 5.6%, respectively. p = 0.001). Women of normal weights had a significantly shorter duration of stimulation and a lower total dose of FSH compared to overweight and obese women, with no significant difference in the number of retrieved oocytes (Table 1) . Table 2 summarizes the overall cycle outcome; no significant differences were found in the clinical pregnancy rate between normal weight, overweight, and obese women (p = 0.416). Table 3 summarizes the pregnancy outcomes of clinical pregnancies; there were no significant differences in live births or ongoing pregnancies among the three groups (p = 0.706, p = 0.624, respectively).
Pregnancy outcomes in cases with singleton live births are presented in Table 4 . Maternal characteristics were similar among the groups. There were no significant differences in mean birth weight, gestational age, SGA, or preterm delivery among the three groups. There was a lower rate of preeclampsia in normal weight women compared with overweight and obese women (p = 0.026).
After adjustment for potential confounders including BMI, maternal age, smoking, etiology of infertility, number of retrieved oocytes, and day of embryo transfer, obesity was not found to be an independent variable associated with lower rates of clinical pregnancies ( Table 5 ). Day of transfer (cleavage stage vs. blastocyst stage) and maternal age were found to be independently associated with clinical pregnancies (OR 0.96, 95% CI 0.93-0.99, p = 0.015 and OR 0.29, 95% CI 0.22-0.38, p < 0.001, respectively). On stepwise, forward likelihood ratio analysis, day 3 embryo transfer (vs. day 5) was a significant negative predictor of clinical pregnancies (OR 0.38, 95% CI 0.25-0.57, p < 0.001). Data is presented as n (%) For all variables, categorical data is presented as n (%) and continuous variables are presented as mean ± SD BMI body mass index (at the start of infertility treatment), ICSI intracytoplasmic sperm injection, PCOS polycystic ovarian syndrome, C/S cesarean section, SGA small for gestational age (< 10%), PTD preterm delivery (< 37 weeks), LGA large for gestational age (> 90%) 
Discussion
In this study, we evaluated the effect of obesity on clinical pregnancy rate following transfer of a single fresh embryo. Our key findings are as follows: (1) Obesity did not affect the clinical pregnancy rate, number of live births, or ongoing pregnancies following the transfer of a single fresh embryo; (2) pregnancy outcome and obstetric complications were similar among normal weight, overweight, and obese women, apart for a lower rate of preeclampsia in normal weight women; and (3) younger maternal age and day 5 embryo transfer were the only significant factors associated with higher rates of clinical pregnancies. Previous studies that addressed the correlation between obesity and reproductive outcomes have been controversial. Some studies reported decreased implantation and pregnancy rates, increased miscarriage rates, and poor pregnancy outcomes in obese women [7, 11, 13] . Those unfavorable outcomes have been attributed to multiple factors including adverse effects of obesity on oocyte and embryo quality, poor ovarian response necessitating increased gonadotropin injections, and lower numbers of collected oocytes [20, 21] , as well as impaired endometrium [22] . However, other studies using the donor-oocyte recipient model have not found any association between increased BMI and reduced pregnancy rate or increased miscarriage rate [23] .
Systematic reviews have concluded that obese women have a lower likelihood of pregnancy and live birth with an increased risk of miscarriage. However, there is insufficient evidence whether this affects cycle cancelation and oocyte recovery rates [14] . Cases included in those reviews had considerable clinical and methodological heterogeneity in the transfer of multiple embryos and transfer of fresh or frozen embryos, with an inconsistent adjustment for risk factors. Studies on single-embryo transfers showed that obesity was negatively associated with the occurrence of live birth [24] . A retrospective study found that morbid obesity significantly increased miscarriage rates and reduced live birth rates [25] . However, in contrast to our research, their study included only blastocyst transfer and fresh and frozen embryos.
The results of our study showed that the clinical pregnancy rates resulting from transfer of fresh SET were comparable in normal weight, overweight, and obese women and that increased BMI was not associated with increased adverse obstetric and perinatal outcome. These findings remained negative after adjusting for potential confounders. Our results are consistent with a previous study performed based on the Latin American Registry that found no association between overweight and obesity and the likelihood of pregnancy, live birth, or miscarriage in women undergoing assisted reproductive technology [26] . Similarly, Insogna et al. [27] reported no impact of BMI on implantation rates or clinical pregnancy rates in frozen-thawed blastocyst transfer. Nonetheless, the lack of statistical differences in our study could also be due to the possibility of type I statistical error.
Previous studies that examined the impact of obesity on obstetric outcome have demonstrated increased risk for adverse outcome including preeclampsia, gestational diabetes, operative delivery, and more [6, 7] . In our study, we did not find any differences in maternal and neonatal outcome between obese and overweight women, though normal weight women had a lower rate of preeclampsia in comparison.
The only independent factors found to be associated with increased clinical pregnancy rate were maternal age and day of embryo transfer. While this was not the primary outcome of our study, it is an important finding. As previous studies have shown, blastocyst embryo transfer is associated with increased implantation and live birth rate compared to cleavage-stage embryo transfer [28, 29] . In our study, this finding remained significant even after adjusting for potential confounders including BMI.
The main limitation of our study lies in its retrospective design and the inherent risk for undetected selection bias. Furthermore, we did not have data regarding other potential confounders such as ethnicity, prior obstetrical complications, and family history. We used Canadian population growth curves to assess the rate of SGA (< 10% percentile) to mitigate the lack of ethnicity data. Over 80% of our populations were nulliparous women, thereby minimizing the potential effect of previous pregnancy complications on pregnancy outcome. Moreover, while pregnancy outcome and obstetric complications were similar among normal weight, overweight, and obese women, the groups might be too small to draw definite conclusions and large-scale studies are needed.
The strengths of our study are these were singletons as a result of the transfer of a single embryo performed in a singlecenter study with a SET policy for all patients, thus minimizing the bias of good-prognosis patient selection and without the possibility of a deleterious effect of the vanishing twin phenomenon on the pregnancy outcome. Furthermore, the same culture media was used, eliminating the possible different effects of various culture media on the subsequent neonatal outcome [30] . Finally, we included only fresh embryos to minimize any potential effects attributed to freeze-thawed embryos [31] . Our findings can be used to reassure physicians in our field that the transfer of a single fresh embryo in obese women should result in similar implantation and pregnancy rates compared to transfers in normal weight and overweight women. Obesity does not appear to be associated with increased adverse obstetric and perinatal outcomes in this subset population.
In conclusion, our study demonstrates that obesity does not impact the clinical pregnancy rates resulting from the transfer of a single fresh embryo.
